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ABSTRACT
Aims. Our scientific goal is to provide revised membership lists of the αPer, Pleiades, and Praesepe clusters exploiting the second
data release of Gaia and produce five-dimensional maps (α, δ, pi, µαcosδ, µδ) of these clusters.
Methods. We implemented the kinematic method combined with the statistical treatment of parallaxes and proper motions to identify
astrometric member candidates of three of the most nearby and best studied open clusters in the sky.
Results. We cross-correlated the Gaia catalogue with large-scale public surveys to complement the astrometry of Gaia with multi-
band photometry from the optical to the mid-infrared. We identified 517, 1248, and 721 bona-fide astrometric member candidates
inside the tidal radius of the αPer, the Pleiades, and Praesepe, respectively. We cross-matched our final samples with catalogues from
previous surveys to address the level of completeness. We update the main physical properties of the clusters, including mean distance
and velocity as well as core, half-mass, and tidal radii. We infer updated ages from the white dwarf members of the Pleiades and
Praesepe. We derive the luminosity and mass functions of the three clusters and compare them to the field mass function. We compute
the positions in space of all member candidates in the three regions to investigate their distribution in space.
Conclusions. We provide updated distances and kinematics for the three clusters. We identify a list of members in the αPer, Pleiades,
and Praesepe clusters from the most massive stars all the way down into the hydrogen-burning limit with a higher confidence and
better astrometry than previous studies. We produce complete 5D maps of stellar and substellar bona-fide members in these three
regions. The photometric sequences derived in several colour-magnitude diagrams represent benchmark cluster sequences at ages
from 90 to 600 Myr. We note the presence of a stream around the Pleiades cluster extending up to 40 pc from the cluster centre.
Key words. Stars: low-mass — Stars: brown dwarfs — Galaxy: open clusters and associations: individual: Alpha Persei, Pleiades,
Praesepe — Astrometry — surveys
1. Introduction
Open clusters are small entities of a few hundreds to thousands
stars loosely bound in a small region of the sky (Lada & Lada
2003). They represent ideal laboratories to study stellar evolu-
tion because their members share the same mean distance, age,
and metallicity. The wide range of masses present in these clus-
ters is key to investigate the present-day mass function (Salpeter
1955; Miller & Scalo 1979; Scalo 1986; Kroupa 2001; Chabrier
2003) and study processes responsible for the formation of low-
mass stars and brown dwarfs (e.g. Chabrier & Baraffe 2000).
More recently, the Kepler K2 mission (Borucki et al. 2010;
Howell et al. 2014) has rejuvenized the study of open clusters
providing thousands of light curves with exquisite photometric
precision (Nardiello et al. 2015; Rebull et al. 2016; Nardiello
et al. 2016; Stauffer et al. 2016; Douglas et al. 2016; Rebull
et al. 2017; Douglas et al. 2017) and identified several low-mass
eclipsing binaries (Kraus et al. 2015; David & Hillenbrand 2015;
Lodieu et al. 2015; David et al. 2015; Libralato et al. 2016a;
David et al. 2016b; Kraus et al. 2017) and a few transiting plan-
ets at different ages (Libralato et al. 2016b; Mann et al. 2016a;
David et al. 2016c; Mann et al. 2016b; David et al. 2016a; Mann
et al. 2017, 2018). These new discoveries are key to constrain
evolutionary models at different ages and improve our knowl-
edge of planet formation.
Before the advent of the Gaia mission (Gaia Collaboration
et al. 2016), the selection of members of open clusters was
predominantly limited to ground-based proper motions and
multi-band photometry. The second data release of Gaia (Gaia
Collaboration et al. 2018b) offers a unique opportunity to revise
the census of membership of the nearest open clusters thanks
to exquisite parallaxes, proper motions, and positions with ad-
ditional radial velocity measurements for a limited sample of
(mainly solar-type) stars. With this new dataset in hand we can
revise several key questions yet to be solved such as the evolu-
tion of rotation as a function of mass and age (see review by
Bouvier et al. 2014), the possible age spreads within a given
cluster (e.g. Mayne & Naylor 2008; Parmentier et al. 2014;
Niederhofer et al. 2015), the dynamical masses and ages of low-
mass stars to calibrate model predictions (e.g. Kraus et al. 2015),
among others.
In this manuscript, we present an astrometric selection of
cluster member candidates in three of the nearest open clusters
to the Sun: αPer, the Pleiades, and Praesepe exploiting the sec-
ond data release of Gaia (Gaia Collaboration et al. 2018b) and
based on our previous work in the Hyades (Lodieu et al. 2019).
We provide a revised stellar census in these three regions and a
3D view of the distribution of their members. In Section 2 we
present the input catalogue of Gaia. In Section 3 we describe the
three clusters under study and compile lists of previously-known
members to compare with the Gaia catalogues. In Section 4 we
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identify a complete sample of member candidates in αPer, the
Pleiades, and Praesepe, addressing the completeness of previ-
ous studies and cleanness of our selection. In Section 5 we in-
vestigate white dwarfs previously reported as members of these
clusters to revise their membership and estimate their ages. In
Section 6 we derive the stellar luminosity and mass functions
and put them into context with previous studies. In Section 7 we
discuss the spatial distribution of the highest probability stellar
member candidates and present the first 3D map of the clusters.
2. The Gaia DR2 sample
We made use of the Gaia DR2 data (Lindegren et al. 2018;
Hambly et al. 2018; Riello et al. 2018; Evans et al. 2018). Our
selection criteria were designed to start as inclusive as possible
and to be more selective later in the process. We limited our
original catalogues to parallaxes larger than 1 mas, which is the
sole criterion applied to the full Gaia samples. We checked the
re-normalised unit weight error (RUWE) defined by Lindegren
(2018) for the full files of more than 2 million sources. We find
that 5.1%, 4.4%, and 4.6% of the sources have RUWE values
greater than 1.4 in αPer, the Pleiades, and Praesepe, respec-
tively, limit set for quality of the sample.
We cross-matched a series of well-known large-scale sur-
veys to complement the Gaia catalogue, keeping all Gaia DR2
sources without any counterpart in those surveys either due to
coverage or brightness/faintness reasons. We considered the fol-
lowing catalogues: the Two Micron All-Sky Survey (hereafter
2MASS; Cutri et al. 2003; Skrutskie et al. 2006), the Sloan
Digital Sky Survey Data Release 12 (SDSS; Abolfathi et al.
2018), the UKIRT Infrared Deep Sky Survey Galactic Clusters
Survey (UKIDSS GCS; Lawrence et al. 2007), the Wide-field
Infrared Survey Explorer (AllWISE; Wright et al. 2010; Cutri &
et al. 2014), and the first data release of the Panoramic Survey
Telescope and Rapid Response System (PS1; Kaiser et al. 2002;
Chambers et al. 2016). We cross-matched the catalogues with a
matching radius of 5 arcsec so any unresolved pairs of stars in
the large surveys resolved spatially in Gaia were only matched
to the closest Gaia source which is also often the brighter of the
two possible matches. All matches were made at the epoch of
the catalogue by applying the Gaia proper motions to move the
possible counterparts in the target catalogue epoch.
3. Earlier census of stellar and sub-stellar member
candidates
In this section, we describe the main characteristics of each clus-
ter and compiled lists of known members from different proper
motion and photometric surveys published over the past decades
to identify high-mass stars, low-mass stars, and brown dwarfs.
3.1. The αPer cluster
αPer (Messier 20) is one of the few open star clusters within
200 pc of the Sun and younger than 200 Myr. The cluster is lo-
cated to the north-east of the F5V supergiant Alpha Persei at
a distance originally estimated to ∼180 pc (Pinsonneault et al.
1998; Robichon et al. 1999) and later revised to 172.4±2.7 pc by
the re-reduction of the Hipparcos data (van Leeuwen 2009). The
cluster members have solar metallicity (Boesgaard & Friel 1990)
and the extinction along the line of sight is estimated to AV =
0.30 mag with a possible differential extinction (Prosser 1992).
Its mean proper motion, (µα cos δ,µδ) = (+22.73,−26.51) mas/yr
(van Leeuwen 2009), lower than the other clusters studied in this
paper, and low galactic latitude (b=−7◦), makes the member-
ship selection more difficult in Praesepe and the Pleiades. The
combination of larger distance but younger age than the Pleiades
places the hydrogen-burning limit at similar apparent magni-
tudes within the reach of Gaia.
We collected a total of 3056 sources from 13 surveys
in αPer: Heckmann et al. (1956); Mitchell (1960), Fresneau
(1980), Stauffer et al. (1985), Stauffer et al. (1989b), Prosser
(1992), Prosser (1994), Prosser & Randich (1998), Prosser et al.
(1998), Stauffer et al. (1999), Barrado y Navascue´s et al. (2002),
Deacon & Hambly (2004), Lodieu et al. (2005), and the latest
sample of 740 members from Gaia Collaboration et al. (2018a).
After removing common sources, we are left with a collection of
1711 candidate members. We did not include the following sur-
veys in our compilation: Kraft (1966), Petrie & Heard (1969),
Petrie & Heard (1970), Morgan et al. (1971), and Crawford &
Barnes (1974) because we could not retrieve the list of mem-
bers electronically. We cross-matched this compendium of 1711
members withGaia DR2, yielding 1429 objects with precise and
accurate astrometry. They are distributed in an area of approxi-
mately 43–58◦ and 45–53◦ in right ascension and declination, re-
spectively (Fig. 1). They span the G-band magnitude from about
6.5 to 21 mag. In Fig. A.1 of Appendix A, we plot these ob-
jects in the diagram showing the Gaia magnitude as a function
of parallax. We can clearly see the cluster has a mean parallax
of about 5.8 mas with a dispersion of ∼0.5 mas, corresponding
to 173±15 pc. We also note that a large fraction (about 40%)
of these 1429 previously-known members are most likely non-
members because of their inconsistent parallaxes.
3.2. The Pleiades cluster
With the Hyades, the Pleiades (M45) is the best studied north-
ern cluster and qualifies as a benchmark region (Lynga 1981).
Numerous multi-wavelength surveys have been conducted in
the region to study in depth the stellar and sub-stellar mem-
bers. Pleiades members share a significant common proper mo-
tion compared to neighbouring stars with (µα cos δ, µδ)∼ (19.5,
−45.5) mas/yr (Jones 1981; Robichon et al. 1999; van Leeuwen
2009). This large mean motion, high galactic latitude (b∼ 24◦),
and low reddening along the line of sight of the cluster (E(B −
V) = 0.03 mag; O’dell et al. 1994) ease both astrometric and
photometric selections. The cluster is also nearby, with the
Hipparcos distance placing the Pleiades at 120.2±1.9 pc (van
Leeuwen 2009) while other works suggest a mean distance of
134 pc with an uncertainty of 5 pc (Johnson 1957; Gatewood
et al. 2000; Pinfield et al. 2000; Southworth et al. 2005). The
age of the cluster has also been debated in the literature, rang-
ing from 70–80 Myr from the Zero-Age-Main-Sequence turn-off
and isochrone fitting (Mermilliod 1981; Vandenberg & Bridges
1984) up to 120–130±20 Myr as derived from model fitting
(Mazzei & Pigatto 1989; Gossage et al. 2018) and the lithium de-
pletion boundary method (Basri et al. 1996; Stauffer et al. 1998b;
Barrado y Navascue´s et al. 2004) with a revision leading a pos-
sibly younger age (112±5 Myr; Dahm 2015).
Numerous surveys of distinct sizes and depths have looked
at the Pleiades (Stauffer et al. 1991; Simons & Becklin 1992;
Hambly et al. 1993; Stauffer et al. 1994; Willliams et al. 1996;
Cossburn et al. 1997; Zapatero Osorio et al. 1997b,a,c; Stauffer
et al. 1998a; Martı´n et al. 1998; Bouvier et al. 1998; Festin
1998; Zapatero Osorio et al. 1999; Hambly et al. 1999; Pinfield
et al. 2000; Adams et al. 2001; Moraux et al. 2001; Jameson
et al. 2002; Dobbie et al. 2002; Moraux et al. 2003; Deacon &
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Fig. 1. Left panels: Distribution on the sky of selected kinematic member candidates. Right panels: Gaia G magnitude as a function
of parallax for previously-known members with Gaia parallaxes. From top to bottom, we plot the figures for the αPer, the Pleiades,
and Praesepe clusters, respectively.
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Hambly 2004; Bihain et al. 2006, 2010; Casewell et al. 2007;
Lodieu et al. 2007; Casewell et al. 2011; Lodieu et al. 2012a;
Bouy et al. 2013; Sarro et al. 2014; Zapatero Osorio et al. 2014b;
Barrado et al. 2016; Gaia Collaboration et al. 2018a; Zapatero
Osorio et al. 2018). Stauffer et al. (2007) compiled Pleiades
members from various sources (see their table 1) while Sarro
et al. (2014), Bouy et al. (2015), and Olivares et al. (2018)
make use of archival datasets to produce the most up-to-date
sample of stellar and sub-stellar members. We complemented
those two extensive studies with the preliminary Gaia catalogue
(Gaia Collaboration et al. 2018a) to produce a full catalogue of
2010 members after removing duplicates (middle row in Fig. 1).
We have omitted catalogues of members published before the
1990s, where the first extensive astrometric, photometric, and
spectroscopic studies of the Pleiades took place (e.g. Trumpler
1921; Hertzsprung 1947; Artyukhina 1969; Eichhorn et al. 1970;
Jones 1973; Turner 1979; Jones 1981; Haro et al. 1982; Stauffer
1982, 1984; van Leeuwen et al. 1986; Jameson & Skillen 1989;
Stauffer et al. 1989a, among others).
3.3. The Praesepe cluster
Praesepe (M44, NGC 2632) is a rich open cluster also known
as the Beehive cluster. The cluster is nearby with a mean
Hipparcos distance of 181.5±6.0 pc from the Sun (van Leeuwen
2009). Its proper motion is significant compared to field
stars (−35.81±0.29,−13.5±0.24 mas/yr; van Leeuwen 2009).
Moreover, Praesepe might be slightly metal-rich (Fe/H =
+0.27±0.10; Pace et al. 2008) and has negligible reddening.
This is an intermediate-age cluster, much older than αPer and
the Pleiades but comparable to the Hyades, with estimated
ages in the 590–660 Myr range (Vandenberg & Bridges 1984;
Mermilliod 1981; Delorme et al. 2011; Gossage et al. 2018) al-
though older estimates are not discarded (700–900 Myr; Salaris
et al. 2004; Bonatto et al. 2004; Brandt & Huang 2015a;
Vandenberg & Bridges 1984).
Praesepe was first investigated by Klein Wassink (1924)
and Klein Wassink (1927) with subsequent studies by Johnson
(1952), Artyukhina (1966), Crawford & Barnes (1969),
Artyukhina (1973), Upgren et al. (1979), Weis (1981), Hauck
(1981), and Jones & Cudworth (1983) before exploring lower
mass members (Mermilliod et al. 1990; Jones & Stauffer 1991;
Gatewood & de Jonge 1994; Williams et al. 1994), binarity
(Bolte 1991; Mermilliod et al. 1994; Bouvier et al. 2001;
Patience et al. 2002; Gillen et al. 2017; Hillenbrand et al. 2018),
lithium (King & Hiltgen 1996; Cummings et al. 2017), and its
luminosity/mass functions (Lee et al. 1997; Kraus & Hillenbrand
2007; Boudreault et al. 2012). The advent of photographic plates
with several epochs of observations led to a exhaustive census of
stellar members over a large area down to 0.1 M (Hambly et al.
1995). The cluster has also been targeted in X-rays by ROSAT
(Randich & Schmitt 1995) and XMM-Newton (Franciosini et al.
2003). The arrival of large-scale surveys and deep optical pencil-
beam surveys revealed the low-mass and sub-stellar popula-
tions (Adams et al. 2002b; Kraus & Hillenbrand 2007; Pinfield
et al. 1997; Chappelle et al. 2005; Gonza´lez-Garcı´a et al. 2006;
Boudreault et al. 2010; Baker et al. 2010; Wang et al. 2011;
Boudreault et al. 2012; Boudreault & Lodieu 2013; Khalaj &
Baumgardt 2013; Wang et al. 2014). We compiled all the can-
didates identified in these surveys and found a total of 6479
sources, 2078 of them being unique among all studies, including
the most recent census of members from the Gaia consortium
(Gaia Collaboration et al. 2018a).
4. Selection of member candidates
We implemented the kinematic procedure described by
Perryman et al. (1998) in combination with the Bayesian pro-
cedure proposed by Luri et al. (2018) to deal with the proper
motions and parallaxes of the Gaia mission. This method deter-
mines the barycentre of the cluster and identifies potential mem-
bers based on their velocities in space (Table 1). For the details
of the implementation, we refer the reader to our study of the
Hyades cluster (Lodieu et al. 2019).
For completeness, we briefly summarise the steps of the pro-
cedure here. We calculate the space velocity of all objects in
our initial catalogue following the equations in Perryman et al.
(1998). We calculate the cluster barycentre and mean space ve-
locity from the sample of Gaia Collaboration et al. (2018a) and
improve it with our final sample. For the sample of Gaia sources
with radial velocity measurements, we compute the velocity vec-
tor in space. The member candidates statisfy a maximum value
of a “degree-of-freedom” parameter, which is described by a
confidence region based on the barycentric and velocity posi-
tions.
4.1. Member candidates in αPer
We derived a mean distance of 177.68±0.84 pc (Table 1),
consistent with the original range of distances (175–190 pc;
Pinsonneault et al. 1998; Robichon et al. 1999; Makarov 2006)
and slightly further (within 2σ) than distance from the re-
reduction of the Hipparcos data (van Leeuwen 2009, 172.4±2.7
pc). Our value lies within 3σ from the Gaia DR2 value
(174.89±0.16 pc; Gaia Collaboration et al. 2018a). The bright-
est members of the cluster with G = 6.3–13.7 mag show a mean
line-of-sight velocity of −0.47±3.78 km s−1 with a mean disper-
sion of 6.5 km s−1, in agreement with earlier studies of bright
members (Stauffer et al. 1989b; Prosser 1994; Mermilliod et al.
2008). This translates into a mean cluster velocity of 28.7±0.5
km s−1 (Table 1). The kinematic method returned a total of 3123
member candidates with G = 3.86–21.0 mag, corresponding to
model-dependent masses of 5.34–0.048 M assuming an age of
90 Myr for αPer.
The core of the cluster was estimated to 1.3 degrees in ra-
dius (Artyukhina 1972; Kharchenko et al. 2005), translating into
about 4 pc at the distance of the cluster. The core radius is the
radius at which the brightness drops to one-half the central value
and is equal to 0.64 times the Plummer radius (Plummer 1915).
We calculated the density of sources in concentric circles from
the centre up to 30 pc with a sampling of 0.4 pc and dividing by
the volume (in 3D space). We emphasise that we can not reduce
the sampling too much because of the small numbers of sources
in the central parsec. We found the best fit of the Plummer model
to the density of sources for a core radius of 2.3±0.3 pc, signifi-
cantly smaller than previous estimates.
The tidal radius is usually considered as the limit where clus-
ter candidates are bound to the cluster, while sources beyond that
radius are more affected by the external gravitational field of the
galaxy than the cluster dynamics. We calculated the tidal radius
of αPer using the equation 3 of Ro¨ser et al. (2011) with val-
ues for the constants from Piskunov et al. (2006)1. We summed
the masses of all kinematic members up to 15 pc per bins of
1 pc and determined the tidal radius as the radius where the
curve derived from equation 3 of Ro¨ser et al. (2011) crosses the
curve defined by the masses of our candidates. We inferred a
1 Mc = xl3./G × (4 ∗ A ∗ (A − B))
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Table 1. Positional and kinematics data of the Pleiades, Praesepe, and αPer clusters. We infer tidal radii of 11.6, 10.7, and 9.5 pc
for the Pleiades, Praesepe, and αPer clusters.
Cluster Distance Velocity bc(pc) vc(km s−1)
bx by bz vx vy vz
pc km s−1 pc pc pc km s−1 km s−1 km s−1
αPer 177.68±0.84 28.70±0.52 −148.72±0.56 95.20±0.60 −19.77±0.47 −14.22±0.49 −23.99±0.31 −6.77±0.08
Pleiades 135.15±0.43 32.73±0.18 −120.25±0.33 28.94±0.24 −54.49±0.23 −7.04±0.27 −28.53±0.07 −14.40±0.13
Praesepe 187.35±3.89 49.18±2.44 −141.91±2.59 −69.44±1.97 100.71±2.23 −43.44±1.87 −20.73±1.02 −10.10±1.74
tidal radius of ∼9.5 pc in agreement with the 9.7 pc reported by
Makarov (2006). The half-mass radius is 5.6 pc and contains 247
sources. We find 21 and 554 candidate members located within
the core and tidal radius of the cluster, respectively. We consider
sources beyond the tidal radius unbound to the cluster, yielding
to a much lower statistical probability of membership. We lim-
ited our study to three times the tidal radius of the cluster, i.e.
28.5 pc where we have 2041 sources. We find 22 pairs of stars
with separations less than 5 arcsec including four marked as du-
plicated inGaia DR2. We have 167 sources with radial velocities
from Gaia DR2 (about 5.3%).
We cross-matched the list of previously-published members
with our full sample and the subsample within the tidal radius
with a matching radius of 3 arcsec. The numbers are quoted in
Table 2 and provide a level of reliability for earlier studies of the
cluster but not strictly completeness due to the variety of areas
and depths under study.
We plot the positions of the αPer kinematic member candi-
dates of the cluster within the core, half-mass, and tidal radii and
up to 28.5 pc with different colours in right ascension and decli-
nation in the top left panel of Fig. A.1 in Appendix A as well as
the other diagrams involving parallax, proper motion, and mag-
nitude from Gaia (Fig. A.1). We show various colour-magnitude
diagrams with the Gaia filters and photometry from other public
surveys in Figs. A.2–A.4 in Appendix A.
We observe large numbers of sources much bluer than the
cluster sequences in the two faintest magnitude bins when the
Gaia GBP magnitude is involved. This behaviour is reduced
when the other two Gaia magnitudes are taken into account and
disapear when the Gaia G magnitude is combined with infrared
or mid-infrared magnitudes from other public surveys. This pe-
culiarity was already noted in the case of the Alessi 10 cluster
(Arenou et al. 2018) as well as for nearby faint brown dwarfs
and the Praesepe cluster (Smart et al. 2019). We confirm a sim-
ilar behaviour in all three clusters, pointing towards unreliable
GBP magnitudes at the faint end of Gaia when dealing with red
sources.
4.2. Member candidates in the Pleiades
The distance of the Pleiades has been a subject of debate for
the past decades (Pinsonneault et al. 1998; Soderblom et al.
1998; van Leeuwen 2009). The distance has been evaluated
with different techniques (isochrone fitting, orbital modeling,
trigonometric parallax, moving cluster) usually agreeing on a
mean value in the 130–140 pc range (Gatewood et al. 2000;
Southworth et al. 2005; Soderblom et al. 2005; Melis et al. 2014;
An et al. 2007). On the contrary, analysis of the Hipparcos data
suggested smaller distances close to 120 pc (van Leeuwen &
Hansen Ruiz 1997; Robichon et al. 1999; van Leeuwen 1999,
2009). Abramson (2018) used Gaia DR2 to provide a new es-
timate of the parallax (7.34±0.27 mas), translating into a mean
distance of 136.2±5.0 pc. We infer a distance of 135.15±0.43
pc for the Pleiades from the Bayesian approach of Luri et al.
(2018) and kinematic members (Table 1), in agreement with the
majority of studies and with the distance from Gaia DR1 (Gaia
Collaboration et al. 2016). We find a mean line-of-sight veloc-
ity of 5.67±2.93 km s−1 for members of the Pleiades with a
dispersion of 4.80 km s−1, yielding a mean cluster motion of
32.73±0.18 km s−1. Our values are consistent with earlier stud-
ies (Liu et al. 1991; Mermilliod et al. 1997) and the recent deter-
mination of Gaia Collaboration et al. (2018a).
The kinematic method returned a total of 2281 member
candidates with G = 2.77–21.0 mag, corresponding to model-
dependent masses of 4.78–0.048 M assuming an age of 125
Myr for the Pleiades. We note that 342 sources have radial veloc-
ity measurements from Gaia DR2 (∼15%). We inferred the core
radius following the procedure described in Section 4.1, yield-
ing 2.00±0.25 pc, similar to the intervals of core radii published
so far, see Olivares et al. (2018) for a summary of previous de-
terminations (Pinfield et al. 1998; Raboud & Mermilliod 1998;
Adams & Myers 2001; Converse & Stahler 2008, 2010). We cal-
culated the tidal radius as in Section 4.1, deriving 11.6 pc, with
a total of 1248 sources. The number of sources within the core
and half-mass (4.5 pc) radii are 106 and 495, respectively. We
limited our search for member candidates up to 3 times the tidal
radius (i.e. 34.8 pc). We find 36 pairs with separations less than
5 arcsec, including two triple and one quadruple systems with
components marked as duplicated in Gaia DR2.
We cross-matched the list of previously-published members
with our full sample and the subsample within the tidal radius
with a matching radius of 3 arcsec. The numbers quoted in Table
3 provide an estimate of the level of completeness of earlier stud-
ies of the Pleiades although we should caution that some surveys
were dedicated to the faintest members which are too faint for
Gaia. We should note that we recover 2152 sources out of the
most complete list of Pleiades members with membership prob-
abilities higher than 75% (Olivares et al. 2018). Among those,
1960 are in our input file (91%) and 1467 (68%) common to our
list of members. We display the members of Pleiades in the same
diagrams as for αPer in Figs. B.2–B.4 in Appendix B.
4.3. Member candidates in Praesepe
We determined a mean distance of 187.35±3.89 pc for Praesepe
(Table 1), in agreement with the original estimate from
Hipparcos (188.0±14 pc; van Leeuwen 1999) but 1σ higher
than the value inferred from the re-reduction of Hipparcos data
(181.5±6.0 pc; van Leeuwen 2009). Our value also agrees with
the values derived from Gaia (186.18±0.10; Gaia Collaboration
et al. 2018a). We find a mean line-of-sight velocity of 35.1±1.7
km s−1 with a dispersion of 4.2 km s−1, translating into a cluster
mean motion of 49.18±2.44 km s−1 (Table 1). Our estimate is
comparable to ground-based radial velocity survey (Mermilliod
5
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Table 2. Summary of the numbers of αPer sources from earlier studies recovered in our full Gaia sample (i.e. up to three times the
tidal radius of the cluster). The final list of kinematic member candidates contains 23, 224, 517, 2069 sources in 2.3 (core radius),
5.6 (half-mass radius), 9.5 (tidal radius), and 28.5 pc (3×tidal radius), respectively.
Method in Gaia Kinematic in Rtidal Comments
Fresneau (1980) 51/56 11 7 Palomar Schmidt astrometric observations
Heckmann et al. (1956) 139/140 62 49 See also Mitchell (1960)
Prosser (1992) 79/148 57 42 Astrometric+photometric+ spectroscopic search
Prosser (1994) 26/31 14 10 Photometric, and spectroscopic observations
Prosser & Randich (1998) 54/89 28 23 Follow-up 73 ROSAT sources (Prosser et al. 1996)
Prosser et al. (1998) 45/70 23 15 Follow-up 130 ROSAT sources (Prosser et al. 1996)
Stauffer et al. (1999) 24/28 14 5 Lithium depletion boundary
Barrado y Navascue´s et al. (2002) 59/101 42 24 Deep wide-field optical survey
Deacon & Hambly (2004) 289/302 192 111 Photographic plates
Lodieu et al. (2005) 1/39 1 0 Near-infrared photometric selection
Lodieu et al. (2012b): Table A1: 367/494 241 150 Previous members
Lodieu et al. (2012b): Tables B1+C1: 690/728+617/685 441+494 240+268 New members
Gaia Collaboration et al. (2018a) 740/740 739 467 Gaia DR2
Table 3. Summary of the numbers of Pleiades sources from earlier studies recovered in our full Gaia sample (i.e. up to three times
the tidal radius of the cluster). We have 106, 495, 1248, and 2195 kinematic member candidates in 3.1, 4.5, 11.6, and 34.8 pc,
respectively.
Method in Gaia Kinematic in Rtidal Comments
Hambly et al. (1993) 429/440 385 334 Photographic plates
Zapatero Osorio et al. (1997b) 3/10 1 2 CCD-based R, I survey
Stauffer et al. (1998a) 16/20 12 9 Lithium depletion boundary; MHO targets
Bouvier et al. (1998) 19/26 13 8 Proper motions in Moraux et al. (2001)
Moraux et al. (2003) 103/109 93 78 Brown dwarfs and IMF
Deacon & Hambly (2004) 882/916 776 642 Astrometry and photometry of photographic plates
Bihain et al. (2006) 14/34 11 6 Deep I + J survey of 1.8 deg2
Stauffer et al. (2007) 1361/1416 1129 928 Compilation of earlier studies (their Table 1)
Casewell et al. (2007) 8/23 7 2 Deep CFH12K survey combined with UKIDSS
Lodieu et al. (2007) 82/116 69 46 UKIDSS GCS DR1 combined with 2MASS
Lodieu et al. (2012a) 1176/1314 863 700 Selection in UKIDSS GCS DR9
Zapatero Osorio et al. (2014b) 5/24 4 2 See Zapatero Osorio et al. (2014a) for spectroscopy
Bouy et al. (2015) 1775/2010 1421 1070 See also Bouy et al. (2013) and Sarro et al. (2014)
Olivares et al. (2018) 1960/2152 1467 1097 p≥0.75 from Bayesian hierarchical model
Gaia Collaboration et al. (2018a) 1326/1326 1295 1087 Gaia DR2
& Mayor 1999) and the Gaia DR2 mean value (35.64±0.10 km
s−1; Gaia Collaboration et al. 2018a).
The kinematic method returned a total of 2200 member
candidates with G = 6.13–20.93 mag, corresponding to model-
dependent masses of 2.6–0.115 M assuming an age of 600 Myr
for Praesepe. We note that 223 out of 2200 candidates have Gaia
DR2 line-of-sight velocity (about 10%). We derived a core ra-
dius of 2.6±0.2 pc, smaller than the determination of 3.5 pc by
Adams et al. (2002a). We inferred a tidal radius of 10.7 pc with
721 member candidates. We derived a half-mass radius of 5.9
pc with 336 sources, while 77 sources lie within the core radius.
We limited our study to 32.1 pc or three times the tidal radius
with a total of 1847 sources. We find 23 pairs with separations
less than 5 arcsec, including two triples with the brightest com-
ponents marked as duplicated in Gaia DR2.
We cross-matched the list of previously-published members
with our full sample and the subsample within the tidal radius
with a matching radius of 3 arcsec. The numbers are quoted in
Table 4 and provide a level of completeness for earlier studies
in Praesepe. We display the members of Praesepe in the same
diagrams as for αPer in Figs. C.2–C.4 in Appendix C.
5. White dwarfs
When the age of a star cluster is sufficiently old, at least ∼50
Myr for a solar composition, some of its high-mass members
may have had enough time to evolve down to the white dwarf
(WD) cooling sequence. The presence of a few WDs opens the
possibility to determine the age of the cluster by evaluating the
age of each WD member, as we did in our recent article on the
Hyades cluster (Lodieu et al. 2019). In this section we use the
same method to determine the age of the clusters under study.
Without repeating all the details of this technique already de-
scribed in Lodieu et al. (2019), we give a summary of the main
steps, focusing on a few differences with respect to that paper.
While the selection of the WDs in each single cluster un-
der study is discussed in the following sub-sections, we com-
pare the position of the 13 WDs belonging to the Pleiades and
Praesepe clusters in the (GBP − GRP, MG) HR diagram (Fig. 2)
with the cooling tracks of single DA white dwarfs with H-thick
envelopes (MH/M?=10−4) from Bergeron et al. (2011), see also
Tremblay et al. (2011) and references therein. Fig. 2 is built con-
sidering a reddening E(B − V) equal to 0.045 and 0.027 for the
Pleiades and Praesepe, respectively, using equation 1 of Gaia
Collaboration et al. (2018a) to compute the extinction coeffi-
6
Lodieu et al.: A 5D view of the αPer, Pleiades, and Praesepe clusters
Table 4. Summary of the numbers of Praesepe sources from earlier studies recovered in our Gaia sample (i.e. up to three times
the tidal radius of the cluster). We have 139, 336, 721, and 1847 kinematic member candidates in 3.5, 5.9, 10.7, and 32.1 pc,
respectively.
Method in Gaia Kinematic in Rtidal Comments
Jones & Cudworth (1983) 269/282 179 144 Palomar photographic plates
Hambly et al. (1995) 495/515 407 269 Photographic plates
Pinfield et al. (1997) 7/26 2 1 Follow-up in Hodgkin et al. (1999) & Pinfield et al. (2003)
Kraus & Hillenbrand (2007) 1083/1130 948 595 Census of the cluster
Gonza´lez-Garcı´a et al. (2006) 2/20 0 0 Deep survey focusing on sub-stellar members
Boudreault et al. (2010) 86/151 40 25 Wide-field I + JK survey
Baker et al. (2010) 137/145 97 49 Cross-match of SDSS and UKIDSS DR7
Wang et al. (2011) 6/59 2 1 Deep pencil-beam survey for brown dwarfs
Boudreault et al. (2012) 980/1116 751 407 UKIDSS GCS DR9; see also Boudreault & Lodieu (2013)
Khalaj & Baumgardt (2013) 864/893 726 490 Cross-match of PPMXL and SDSS
Wang et al. (2014) 991/1040 825 568 Cross-match of MASS, PPMXL, and Pan-STARRS
Gaia Collaboration et al. (2018a) 938/938 920 644 Gaia DR2
cients. We note that, differently from the relatively bright WDs
in the Hyades, for which the photometric errors were very small
and negligible in the total error budget (Lodieu et al. 2019), now
the photometric errors must be taken into account. From a cubic
spline interpolation of the models, we determine the basic stellar
parameters of each white dwarf: effective temperature, surface
gravity, mass and WD cooling age. After having verified that the
effective temperatures and gravities (log(g)) are in good agree-
ment with the known spectroscopic values from the literature, we
have used the initial-to-final mass relation (IFMR) of El-Badry
et al. (2018) to derive the mass of each WD progenitor. Then,
for each WD progenitor, we have used the Padova evolutionary
models for massive stars (Bressan et al. 2012; Tang et al. 2014)
with nearly solar abundances (Z = 0.017, Y = 0.279) to compute
the time needed to evolve from the pre-MS to the first thermal
pulse in the asymptotic giant branch.
The results of our computations are summarised in Table 5.
As in Lodieu et al. (2019), we see that the major contribution to
the error budget comes again from the IFMR uncertainty on the
initial mass, which propagates into the MS evolutionary time.
The errors quoted for the initial masses and the MS evolution-
ary times correspond to the 95.4% probability, as described in
El-Badry et al. (2018), see also their figure 3. The errors quoted
for the WD cooling times, effective temperatures, gravities, and
masses are conservative values corresponding to the range of the
derived parameters from all combinations of the 1-sigma uncer-
tainties plotted in Fig. 2.
Finally it is important to emphasize that the WD ages are
very sensititive to the reddening. As we will see at the end of sec-
tions 5.2 and 5.3, small differences in the reddening may cause
significant differences in age. When correcting for reddening,
WDs are moved toward bluer colors and brighter magnitudes.
The strong inclination of the cooling tracks makes the horizon-
tal shift dominant, implying a larger mass, a smaller radius, a
lower luminosity and a longer cooling time. This is probably the
main limitation of this method, which can produce reliable re-
sults only when the reddening is well constrained.
5.1. White dwarfs in αPer
Of the 14 white dwarf (WD) candidates proposed by Casewell
et al. (2015) in αPer, none were confirmed up to now. Only
two of them (AP WD01, AP WD09), both classified as DA by
Casewell et al. (2015), are in our list of kinematic candidates
but none lies within the tidal radius of the cluster. The clos-
Fig. 2. Absolute magnitude of the white dwarfs in the Pleiades
and Praesepe cluster as a function of the GBP −GRP colour. The
error boxes (pink for the only known WD in the Pleiades, and
green for the Praesepe WDs) correspond to the Gaia DR2 pho-
tometric (+ parallax) errors. The WD cooling tracks of Bergeron
et al. (2011) for various masses are shown in light blue (see text
for more details).
est one, AP WD01, is at 12.6 pc from the cluster center, while
AP WD09 is at 27.2 pc. When we compute the total age of these
two WDs (Main-Sequence (MS) age plus WD cooling age),
we obtain 130+30−29 Myr and 734
+253
−187 Myr respectively (assuming
E(B−V) = 0.090; Gaia Collaboration et al. 2018a). These values,
in particular the second one, are significantly larger than the ages
derived from isochone fitting of the upper main-sequence (50–
80 Myr; Meynet et al. 1993) and the lithium depletion boundary
(85±10 Myr; Stauffer et al. 1999; Barrado y Navascue´s et al.
2004), suggesting that at least AP WD09 does not belong to the
cluster.
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Table 5. Derived parameters for the single WD member of the Pleiades (first line) and the 11 WDs of the Praesepe cluster.
Names Gaia DR2 ID MG d∗ SC Teff log(g) MWD MMS TWD TMS Ttot
mag pc K dex M M Myr Myr Myr
LB 1497 66697547870378368 10.90 6.04 DA 33001+2033−1595 8.67
+0.06
−0.06 1.05
+0.03
−0.04 6.03
+1.34
−0.71 58
+1
−2 74
+26
−27 132
+26
−27
LB 5893 661270898815358720 11.26 2.18 DA 21334+1332−1201 8.37
+0.08
−0.08 0.85
+0.05
−0.05 3.62
+0.58
−0.44 126
+11
−10 179
+81
−62 304
+81
−62
LB 390=EGGR 59 664325543977630464 11.57 2.55 DA 15428+1087−955 8.20
+0.09
−0.09 0.74
+0.06
−0.06 2.96
+0.41
−0.34 250
+21
−21 418
+189
−133 668
+189
−133
WD 0840+209 661841163095377024 11.90 4.56 DA 13356+515−473 8.25
+0.05
−0.05 0.76
+0.03
−0.03 3.18
+0.46
−0.37 405
+25
−23 365
+165
−118 770
+165
−118
LB 8648 660178942032517760 11.81 5.37 DA 13913+523−511 8.23
+0.05
−0.05 0.75
+0.03
−0.03 3.11
+0.45
−0.36 352
+21
−18 384
+174
−123 736
+174
−123
LB 5959 659494049367276544 11.74 5.72 DA 15298+833−714 8.29
+0.07
−0.07 0.79
+0.05
−0.04 3.31
+0.49
−0.39 297
+20
−20 311
+138
−102 608
+138
−102
WD 0840+190 661010005319096192 11.81 9.49 DA 13809+485−471 8.23
+0.05
−0.05 0.75
+0.03
−0.03 3.09
+0.44
−0.36 357
+22
−19 389
+177
−125 746
+177
−125
LB 393 661297901272035456 11.17 11.79 DA 13876+676−591 7.79
+0.07
−0.07 0.50
+0.04
−0.04 0.68
+0.01
−0.01 184
+13
−13 4559
+129
−127 4743
+129
−127
LB 1876 661353224747229184 11.62 13.10 DA 16332+622−556 8.30
+0.05
−0.05 0.80
+0.03
−0.03 3.30
+0.49
−0.39 248
+13
−13 302
+134
−99 550
+134
−99
WD 0833+194 662798086105290112 11.42 14.17 DA 16349+679−609 8.17
+0.06
−0.06 0.72
+0.04
−0.04 2.81
+0.38
−0.32 200
+12
−12 464
+206
−146 664
+206
−146
LB 1847 661311267210542080 12.00 25.61 DA 12631+1280−943 8.27
+0.10
−0.11 0.77
+0.07
−0.07 3.21
+0.47
−0.38 482
+40
−60 351
+158
−114 833
+158
−114
WD 0837+218 665139697978259200 11.50 75.69 DA 14825+1111−954 8.11
+0.10
−0.09 0.68
+0.06
−0.06 2.52
+0.32
−0.28 242
+22
−21 607
+255
−189 849
+255
−189∗ Distance from the center of the cluster.
5.2. White dwarfs in the Pleiades
In the Pleiades there is only one undisputed white dwarf,
LB 1497 (Eggen & Greenstein 1965), at 6.04 pc from the cluster
center, within the tidal radius but beyond the half-mass radius
(Fig. 2; first line of Table 5). Another candidate, GD 50, is ruled
out based on its Gaia DR2 distance of 31.21±0.06 pc, which is
not compatible with the Pleiades.
From its unique white dwarf LB 1497, and assuming E(B −
V) = 0.045 (Gaia Collaboration et al. 2018a), we derive an age of
132+26−27 Myr for the Pleiades, which is older than the isochrone
fitting (77.6 Myr; Mermilliod 1981) but consistent within 1σ
to ages from lithium depletion boundary technique (130±20
Myr; Stauffer et al. 1998b; Barrado y Navascue´s et al. 2004),
model fitting with enhanced overshooting (150 Myr; Mazzei &
Pigatto 1989), and models incorporating rotation (110–160 Myr;
Gossage et al. 2018). Just to give an idea of possible systemat-
ics due to an incorrect interstellar extinction coefficient, the age
would increase to 174+43−35 Myr if we assume zero reddening.
5.3. White dwarfs in the Praesepe
There are 11 known WD candidates in the Praesepe cluster
published in the literature (Dobbie et al. 2004, 2006; Casewell
et al. 2009). Salaris & Bedin (2019) confirmed their member-
ship with Gaia DR2 and identified a new member (Gaia DR2
ID 662998983199228032) which is not considered in our analy-
sis given that its spectral class is not known.
For most of the remaining 11 DA WDs, assuming E(B −
V)=0.027 (Gaia Collaboration et al. 2018a), we obtain a total
age between 550 and 850 Myr (Table 5). Only one star, LB 5893,
is below this range with 304 Myr. Another star, LB 393, returns
an age completely different of 4.7 Gyr. This star lies at 11.8 pc
from the cluster center, about 1 pc beyond the tidal radius, imply-
ing that it might not be bound to Praesepe. Moreover, together
with LB 1847, it was excluded from the analysis of Salaris &
Bedin 2019 because of possible problems with GBP and GRP
photometry (see Salaris & Bedin 2019, for more details). And
finally another doubt is raised by the low mass of LB 393, with
a mass of 0.50 M. This value is close to the typical mass of a
hot subdwarf (0.47 M), that is a star with an initial mass up to
∼3 M, which has lost most of its envelope near the tip of the
red giant branch and, after having exhausted its He fuel during
the (extreme) horizontal branch, has evolved directly to the WD
cooling track, without experiencing a second expansion of the
envelope in the asymptotic giant branch (Han et al. 2002). If this
was the true evolutionary path of LB 393, its real age could be
much less than 4.7 Gyr. When excluding only LB 393, we obtain
a mean age of 673+55−39 Myr for Praesepe. When excluding also
the “outlier” LB 5893 and LB 1847 that might have photometric
problems as stated above, we derive a very similar mean age of
699+65−47 Myr. Considering only the five WDs within the tidal ra-
dius of the cluster (10.7 pc), and excluding LB 5893, we infer a
mean age of 706+76−54 Myr. These estimates are in relatively good
agreement with the oldest ages from models incorporating stellar
rotation (∼800 Myr; Brandt & Huang 2015b) but also compati-
ble with the range of ages quoted for Praesepe by other authors
(590–790 Myr; Mermilliod 1981; Bonatto et al. 2004; Fossati
et al. 2008; Delorme et al. 2011; Gossage et al. 2018).
With a zero reddening, the previous age estimates of 673+55−39,
677+65−46 and 706
+76
−54 Myr would turn into 799
+64
−47, 792
+74
−53 and
815+85−61 Myr respectively, with a ∼17% increase.
6. The luminosity and mass functions
6.1. Luminosity functions
We derive the luminosity functions of the three clusters from
our sample of candidates identified astrometrically from the sec-
ond data release of Gaia. Our samples contain 517, 1248, and
721 member candidates within the tidal radii of the αPer, the
Pleiades, and Praesepe clusters. We did not attempt to correct
the system luminosity function for binaries and postpone this
analysis to later Gaia releases where astrometric parameters of
multiple systems will be incorporated.
We display the system luminosity functions, i.e. the number
of objects per absolute magnitude bins, with bin width of 1 mag
scaled to a volume of one cubic parsec in Fig. 3. We do not ap-
ply any correction to the luminosity function because we only
consider bound members within the tidal radius of the clusters.
Nonetheless, we can discard incompleteness at the very bright
end or contamination at the faint end where Gaia photometry
and astrometry is less reliable, especially in the case of αPer
which lies closer to the Galactic plane than the Pleiades and
Praesepe.
The luminosity function of αPer, the Pleiades, and Praesepe
show a peak at MG = 9–10 mag, 11–12 mag, and 9–12 mag,
respectively. The luminosity functions of the Pleiades and
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Praesepe increase steadily until they reach a peak and fall off
quickly after, due to a combination of smaller number of very-
low mass members and Gaia detection limits. The luminosity
function of αPer displays more up and down at bright magni-
tudes. The peak of the luminosity function appears broader with
older ages (Fig. 3).
6.2. Mass functions
To convert magnitudes into masses, we need a mass-luminosity
relation over a wide mass range, from A-type stars down to the
hydrogen-burning limit. To derive the most reliable present-day
mass function, we would require eclipsing binaries with accu-
rate masses and radii over a wide mass range in all three clus-
ters. Unfortunately, such binaries spanning a wide range of prop-
erties are not available. Therefore, we adopt a model-dependent
mass-magnitude relation. We should keep in mind this fact when
interpreting the shape of the mass function.
We combined the Padova isochrones (PARSEC v1.2S +
COLIBRI PR16; Marigo et al. 2008; Bressan et al. 2012; Marigo
et al. 2013; Rosenfield et al. 2016; Marigo et al. 2017)2 and the
BT-Settl models (Allard et al. 2012; Baraffe et al. 2015) to con-
vert observed magnitudes into masses. We choose ages of 90
Myr, 125 Myr, and 600 Myr for αPer, the Pleiades, and Praesepe
as the most common ages quoted in the literature (Section 3).
We opted to merge both models to cover the full range of masses
where the luminosities at a given mass were the closest. In the
case of αPer we kept the Padova and BT-Settl models above and
below 1.4 M (MG ∼ 3.1 mag), respectively.
We plot the mass functions in Fig. 4 counting the number of
objects per square degree and per bins of 0.1 dex in logarithmic
units, assuming the ages quoted above. We included Poisson er-
ror bars to each bin of the mass functions. We overplotted the
field mass function in logarithmic units (thick red line) from
Chabrier (2005), normalised to the numbers of objects per per
square degree in the bin centered at 0.25 M. The Pleiades mass
function increases steadily up to log(M)∼−0.3 dex (0.5 M),
reaching a plateau followed by a peak at around log(M)∼−0.8
dex (0.16 M) before falling down quickly at lower masses and
in the substellar regime. In Praesepe, we observe a steep increase
from high-mass stars to solar-type stars followed by a plateau
with less low-mass stars (0.1–0.4 M). We note the excess of
solar-type stars (0.5–1.0 M and a clear dearth of very-low-mass
stars (brown dwarfs in Praesepe are too faint for Gaia). In αPer,
we observe a slow increase with a broad peak from 0.1 to 0.8 M
centered on the peak of the field mass function Chabrier (2003).
We note a large number of sources at log(M)∼−1.3 dex (0.05
M) in αPer not present in the other two clusters (Fig. 4). Some
of these sources might be photometric non members based on
their location in colour-magnitude diagrams (Figs. A.2–A.4 in
Appendix A) but the excess might be real and not due to small
number statistics because we observe a peak in the luminosity
function of αPer not detected in the Pleiades (Fig. 3).
We also investigated the shape of the mass functions as a
function of distance from the centre of the cluster. We find that
stars contribute in a similar way in the core and half-mass radii
with a dearth of low-mass stars. In the concentric circle delin-
eated by the half-mass and tidal radii, we observe a decrease of
high-mass and intermediate-mass stars as well as an increase in
the numbers of low-mass stars as expected as a result of mass
segregation.
2 http://stev.oapd.inaf.it/cgi-bin/cmd
Fig. 3. Luminosity functions, i.e. numbers of objects as a func-
tion of absolute G magnitude, within the tidal radius of αPer
(bottom), the Pleiades (middle), and Praesepe (top panel). The
number of objects is scaled to a volume of one cubic parsec.
9
Lodieu et al.: A 5D view of the αPer, Pleiades, and Praesepe clusters
Fig. 4. Mass functions of the αPer (bottom), the Pleiades (mid-
dle), and Praesepe (top) clusters scaled to a volume of one cubic
parsec and a logMass bin of 0.1 using isochrones of 90 Myr, 125
Myr, and 600 Myr, respectively. Error bars represent the Poisson
noise. The field mass function from Chabrier (2003) is overplot-
ted as a thick red line and normalised to the maximum value of
the observed mass function at ∼0.25 M.
7. Discussion: 3D maps of the nearest open
clusters
In Figure 5 we show the positions in space of all member candi-
dates within the tidal radius of the three clusters (black circles)
on top of all candidates within three times the tidal radius (grey
dots). The Galactic system is defined as follows: x is the unit
vector towards (α,δ) = (0,0), y towards (90◦,0), and z towards
δ= 90◦. We observe that Praesepe is the most dispersed of the
three clusters most likely due to its older age. Its members seem
to disperse in all three directions in a homogeneous manner in
the form of a tidal-tail structure. The Pleiades is well concen-
trated with about half of its members within the half-mass ra-
dius. We detect the presence of a tail-like structure in the (X,Z)
direction with an angle of about 30 degrees, extending up to sev-
eral tens of parsecs from the cluster center, suggesting that the
Pleiades is disintegating and dissipating into the greater stream
of the Milky Way (Ma¨dler 1846; Eggen 1975, 1983, 1992, 1995;
Dehnen 1998; Liang et al. 2017). In the case of αPer, most of
the sources appear concentrated within about 8 pc.
We investigated further this tail-like structure of the Pleiades,
selecting all candidates within a radius of 50 pc from the centre
of the Pleiades. We found 3390 sources satisfying the kinematic
criteria. We observe that the tail extends up to about 30 pc in
the direction (X,Z) and further up to 50 pc in the opposite di-
rection (−X,−Z). This structure might be related to the Pleiades
stream investigated by many authors but with no significant pe-
culiarity detected in terms of abundances and age at the spec-
tral resolution of RAVE (Radial Velocity Experiment; R∼7500;
Steinmetz et al. 2006), suggesting that it might not be solely the
result of cluster disintegration (Famaey et al. 2005, 2008; Antoja
et al. 2008; Zhao et al. 2009; Antoja et al. 2012; Kushniruk et al.
2017). A better understanding of the origin of the tail-like struc-
tures is important to shed light on the formation of the Pleiades
and Praesepe clusters and more generally the dynamical history
of the Milky Way.
7.1. Conclusions
We presented updated parameters for three nearby open clusters
(αPer, the Pleiades, and Praesepe) as well as a revised census
of member candidates within the tidal radius over the full mass
range down to the hydrogen-burning limit.
We summarise the main results of our work:
• We derived a mean distance and velocity of 177.68 pc and
28.70 km/s for αPer, 135.15 pc and 32.73 km/s for the
Pleiades, and 187.35 pc and 49.18 km/s for Praesepe. We de-
rived the position of the centre of the cluster and its velocity
in space for all regions.
• We identified 517, 1248, and 721 member candidates inside
the tidal radius of αPer (9.5 pc), the Pleiades (11.6 pc), and
Praesepe (10.7 pc), respectively.
• We inferred ages of 132+26−27 Myr and 705+76−54 Myr from the
WD members within the tidal radius of the Pleiades and
Praesepe, respectively, taking into account reddening to-
wards the clusters. None of the WDs previously proposed
as members of αPer are recovered as kinematic candidates.
• We derived the luminosity and mass functions of the three
clusters. We find two peaks at ∼0.5 and ∼0.2 M in the mass
function of the Pleiades. The mass functions of αPer and
Praesepe appear relatively flat in the 0.3–1.0 M.
• We calculated the positions in 3D space and find that the
members of these three clusters are well concentrated in a
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Fig. 5. Positions (bc in pc) of the αPer (top row), the Pleiades (middle row), and Praesepe (bottom row) stellar and sub-stellar
member candidates in space. Overplotted in cyan are different annuli from the cluster to appreciate the distribution and extension
of cluster members. Black symbols represent member candidates candidates inside the tidal radius while grey symbols highlight all
candidates in our search up to three times the tidal radius.
circular manner. We observe the presence of a tail-like struc-
ture along the (X,Z) directions in the case of the Pleiades,
suggesting that the cluster might soon dissipate. We also
see a tail-like structure in all three directions in the case of
Praesepe.
• We will public release through the Vizier database the cata-
logues of all sources up to three times the tidal radius of the
cluster.
Our study has ignored multiplicity over the full mass range.
The next Gaia release should include information on binaries
with some preliminary orbits to study the multiplicity as a func-
tion of mass and improve the mass determinations for the mem-
bers of these three clusters with different ages to derive a more
accurate mass function. The increment in the total mass of the
cluster can reach several tens of percent depending on the num-
bers of binaries and mass ratios, as in Praesepe for example
(Khalaj & Baumgardt 2013; Borodina et al. 2019)
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Appendix A: Tables and diagrams for αPer
We plan to make public via CDS/Vizier the full table of αPer
candidate members after applying the kinematic analysis de-
scribed in Sect. 4. The full catalogue contains 2041 sources
within 28.5 pc (three times the size of the tidal radius) with
Gaia DR2 data and photometry from several large-scale survey.
Below we show a subset with a limited numbers of columns for
space reasons, including source identifiers, coordinates, proper
motions, parallaxes, and G magnitudes.
Appendix B: Tables and diagrams for Pleiades
We plan to make public via CDS/Vizier the full table of Pleiades
candidate members after applying the kinematic analysis de-
scribed in Sect. 4. The full catalogue contains 2195 sources lo-
cated within three times the tidal radius (34.8 pc) withGaia DR2
data and photometry from several large-scale survey. Below we
show a subset with a limited numbers of columns for space rea-
sons, including source identifiers, coordinates, proper motions,
parallaxes, and G magnitudes.
Appendix C: Tables and diagrams for Praesepe
We plan to make public via CDS/Vizier the full table of Praesepe
candidate members after applying the kinematic analysis de-
scribed in Sect. 4. The full catalogue contains 1847 sources lo-
cated within three times the tidal radius with Gaia DR2 data
and photometry from several large-scale survey. Below we show
a subset with a limited numbers of columns for space reasons,
including source identifiers, coordinates, proper motions, paral-
laxes, and G magnitudes.
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Lodieu et al.: A 5D view of the αPer, Pleiades, and Praesepe clusters
Fig. A.1. Top left: (RA,dec) diagram showing the position of αPer member candidates. Samples at different distances from the
cluster centre are highlighted with distinct colours and sizes. Top right: Vector point diagram. Bottom left: Gaia magnitude vs
parallax. Bottom right: Total proper motion as a function parallax.
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Lodieu et al.: A 5D view of the αPer, Pleiades, and Praesepe clusters
Fig. A.2. Colour-magnitude (top and middle rows) and colour-colour (bottom panel) diagrams with Gaia photometry only for all
αPer candidates within a radius up to 28.5 degrees from the cluster centre. We added as small grey dots the full Gaia catalogue in
a large region around αPer.
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Lodieu et al.: A 5D view of the αPer, Pleiades, and Praesepe clusters
Fig. A.3. Colour-magnitude diagrams for αPer combining the Gaia magnitude with infrared photometry from 2MASS (J +Ks) and
AllWISE (W1 + W2). Symbols are as in Fig. A.2.
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Lodieu et al.: A 5D view of the αPer, Pleiades, and Praesepe clusters
Fig. A.4. Colour-magnitude diagrams for αPer with non-Gaia photometric passbands. Symbols are as in Fig. A.2.
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Lodieu et al.: A 5D view of the αPer, Pleiades, and Praesepe clusters
Table A.1. Catalogue of αPer member candidates located within the tidal radius of the cluster. We list only a subsample of member
candidates. The full table will be made public electronically at the Vizier website.
SourceID RA DEC pmRA pmDEC Plx G bx by bz vx vy vz d centre c Mass RV
degrees degrees mas/yr mas/yr mas mag pc pc pc km s−1 km s−1 km s−1 pc M km s−1
455075360092433920 34.813289504406 52.493073691625 27.646 −19.901 5.846 16.533 −122.27 117.16 −24.09 — — — 0.387 34.644 0.286 —
455037048980464896 35.010252041682 52.664085343922 18.664 −20.069 5.650 20.310 −126.70 121.17 −24.31 — — — 13.402 34.346 0.058 —
355242590505237888 35.095645199238 48.516677205487 27.676 −19.837 5.940 15.840 −122.03 110.78 −34.36 — — — 1.227 34.172 0.391 —
355343947436467200 35.202350494471 49.437643095842 36.234 −24.237 5.819 17.689 −124.45 113.99 −32.46 — — — 19.035 33.215 0.168 —
355706893648353280 35.216075974941 50.602272518113 15.200 −8.305 5.782 19.424 −124.88 115.99 −29.41 — — — 13.275 33.071 0.075 —
354025942235087872 35.272857635410 47.078048854761 22.771 −2.507 5.072 20.892 −143.60 127.53 −44.64 — — — 13.241 41.109 0.049 —
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
257580321299859968 68.322204619080 48.021785586470 20.927 −27.332 5.885 17.712 −155.67 68.12 0.25 — — — 5.921 34.384 0.167 —
258437635428197632 68.330791212726 48.879728011747 22.456 −24.707 5.881 20.040 −155.00 69.86 2.00 — — — 6.117 33.992 0.062 —
257268682770968960 68.353707068218 46.624841369087 17.959 −31.619 5.857 17.395 −157.60 65.59 −2.53 — — — 2.246 35.395 0.188 —
271026936190122112 68.428008586545 51.372991304681 6.104 −10.112 5.522 20.742 −162.55 79.45 7.62 — — — 10.021 34.489 ”” —
271250446285756928 68.529601743168 52.049391468516 22.941 −38.325 6.016 19.207 −148.56 74.08 8.46 — — — 5.695 35.251 0.082 —
272473279313927424 69.157470869484 51.414405941179 12.183 −32.031 5.810 16.682 −154.82 74.75 8.34 — — — 19.058 35.288 0.267 —
Table B.1. Catalogue of Pleiades member candidates located within the tidal radius of the cluster. We list only a subsample of
member candidates. The full table will be made public electronically at the Vizier website.
SourceID RA DEC pmRA pmDEC Plx G bx by bz vx vy vz d centre c Mass RV
degrees degrees mas/yr mas/yr mas mag pc pc pc km s−1 km s−1 km s−1 pc M km s−1
88861709418842496 40.974970833896 22.655743940905 15.587 −33.165 6.712 18.172 −112.22 54.06 −81.76 — — — 18.615 37.934 0.114 —
112681288804808064 41.714674914238 22.655860086477 22.806 −54.808 8.078 20.067 −94.15 43.94 −67.30 — — — 17.527 32.715 0.059 —
114833750319750912 42.242873946349 27.033836378275 20.579 −32.107 8.040 18.397 −96.91 49.63 −60.14 — — — 21.623 31.687 0.1 —
128604205745014656 42.822225147935 28.811112669751 41.455 −65.346 7.391 20.044 −106.71 55.83 −61.68 — — — 8.794 30.946 0.059 —
130317932056151680 42.928644668868 31.943391145743 30.722 −44.277 7.494 20.243 −106.07 59.40 −55.02 — — — 5.057 33.595 0.056 —
114535958762185600 43.052790394089 26.245931711561 36.093 −99.403 6.614 20.782 −118.65 57.73 −73.83 — — — 7.584 34.715 0.049 —
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
154342093619417728 71.030644785071 26.611266953339 10.410 −49.344 7.199 15.072 −134.90 14.18 −29.92 — — — 1.687 32.193 0.427 —
3413122927160114944 71.338224175959 22.763339165068 10.233 −34.361 7.418 20.540 −130.28 6.23 −34.06 — — — 2.589 32.161 0.052 —
146576410496389120 71.371876531125 23.546202736402 14.408 −48.123 8.025 18.367 −120.63 7.06 −30.40 — — — 1.414 32.545 0.102 —
3413153850924754816 71.392270839100 23.005022102866 7.543 −57.013 6.847 20.868 −141.25 7.16 −36.43 — — — 3.988 35.245 0.049 —
147465369941559040 71.758353684925 25.557751301650 17.011 −41.693 7.023 15.203 −138.50 11.49 −31.05 — — — 13.155 34.460 0.411 —
3413681994462425216 72.525370378847 24.013526031333 8.657 −68.246 7.207 19.598 −135.01 7.21 −31.22 — — — 14.661 35.096 0.066 —
Table C.1. Catalogue of Praesepe member candidates located within the tidal radius of the cluster. We list only a subsample of
member candidates. The full table will be made public electronically at the Vizier website.
SourceID RA DEC pmRA pmDEC Plx G bx by bz vx vy vz d centre c Mass RV
degrees degrees mas/yr mas/yr mas mag pc pc pc km s−1 km s−1 km s−1 pc M km s−1
673332163412736640 118.671345250596 19.966185887724 −27.373 −22.881 5.714 19.558 −150.64 −58.56 67.14 — — — 4.959 36.351 0.13 —
668501115479895808 118.849980234877 18.734957249821 −22.459 −13.183 5.645 17.424 −151.43 −62.86 67.07 — — — 18.919 35.568 0.244 —
670463498920784512 119.311702025846 20.475050801747 −19.259 −17.779 5.829 18.536 −147.12 −56.39 67.87 — — — 19.606 35.713 0.172 —
666720039788305920 119.420635803765 15.684454972027 −12.571 −13.871 5.474 20.162 −152.96 −73.94 67.14 — — — 11.687 35.628 0.106 —
670414330135404416 119.431265206749 20.070160223743 −19.887 −9.106 5.233 20.119 −163.43 −64.13 75.46 — — — 11.391 33.594 ”” —
667645008236564864 119.448531778971 17.921918325649 −5.426 −6.718 5.219 20.816 −162.27 −70.86 73.21 — — — 9.975 34.246 ”” —
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
637577896412129024 140.294307219569 20.557663044063 −84.731 −33.850 5.501 19.828 −118.67 −65.39 121.19 — — — 15.877 31.236 ”” —
632738395977951488 140.474509676173 19.042042476738 −47.127 −10.999 5.838 12.636 −110.19 −65.80 113.43 −41.03 −19.46 −9.11 15.909 34.370 0.787 27.84
632329412012224640 140.517789036423 18.002924454129 −49.880 −14.769 5.781 17.580 −110.26 −69.33 113.82 — — — 5.168 34.261 0.228 —
637763168412025984 140.562206859202 21.348163316669 −51.545 −26.420 7.102 19.399 −92.01 −48.82 94.76 — — — 20.744 54.317 0.137 —
632722869671684096 140.706205038359 18.944309012550 −40.915 −15.227 5.998 14.759 −106.72 −64.29 110.79 — — — 8.066 36.963 0.563 —
632454348315678080 141.410495232392 18.577579180111 −40.884 −10.565 5.497 16.857 −114.60 −71.15 122.08 — — — 5.337 34.721 ”” —
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Lodieu et al.: A 5D view of the αPer, Pleiades, and Praesepe clusters
Fig. B.1. Top left: (RA,dec) diagram showing the position of the Pleiades member candidates. Samples at different distances from
the cluster centre are highlighted with distinct colours and sizes. Top right: Vector point diagram. Bottom left: Gaia magnitude vs
parallax. Bottom right: Total proper motion as a function parallax.
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Lodieu et al.: A 5D view of the αPer, Pleiades, and Praesepe clusters
Fig. B.2. Colour-magnitude (top and middle rows) and colour-colour (bottom panel) diagrams with Gaia photometry only for all
Pleiades candidates within a radius up to ∼35 degrees from the cluster centre. We added as small grey dots the full Gaia catalogue
in a large region around Pleiades.
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Lodieu et al.: A 5D view of the αPer, Pleiades, and Praesepe clusters
Fig. B.3.Colour-magnitude diagrams for the Pleiades combining theGaiamagnitude with infrared photometry from 2MASS (J+Ks)
and AllWISE (W1 + W2). Symbols are as in Fig. B.2.
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Lodieu et al.: A 5D view of the αPer, Pleiades, and Praesepe clusters
Fig. B.4. Colour-magnitude diagrams for the Pleiades with non-Gaia photometric passbands. Symbols are as in Fig. B.2.
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Lodieu et al.: A 5D view of the αPer, Pleiades, and Praesepe clusters
Fig. C.1. Top left: (RA,dec) diagram showing the position of Praesepe member candidates. Samples at different distances from
the cluster centre are highlighted with distinct colours and sizes. Top right: Vector point diagram. Bottom left: Gaia magnitude vs
parallax. Bottom right: Total proper motion as a function parallax.
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Lodieu et al.: A 5D view of the αPer, Pleiades, and Praesepe clusters
Fig. C.2. Colour-magnitude (top and middle rows) and colour-colour (bottom panel) diagrams with Gaia photometry only for all
Praesepe candidates within a radius up to 32 degrees from the cluster centre. We added as small grey dots the full Gaia catalogue in
a large region around Praesepe.
25
Lodieu et al.: A 5D view of the αPer, Pleiades, and Praesepe clusters
Fig. C.3. Colour-magnitude diagrams for Praesepe combining the Gaia magnitude with infrared photometry from 2MASS (J + Ks)
and AllWISE (W1 + W2). Symbols are as in Fig. C.2.
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Lodieu et al.: A 5D view of the αPer, Pleiades, and Praesepe clusters
Fig. C.4. Colour-magnitude diagrams for Praesepe with non-Gaia photometric passbands. Symbols are as in Fig. C.2.
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